The generic phytochrome molecule is a soluble, dimeric chromoprotein with each subunit consisting of a tetrapyrrole chromophore covalently linked to an ‫021ف‬ kDa polypeptide (Quail, 1997a PIF3 in a transient transfection assay.
Results

1C)
. Data from a pull-down experiment using phyB and PIF3 proteins synthesized by in vitro transcription/translation ( Figure 1D ) support the conclusion that PIF3 interIsolation of Phytochrome Interactive Proteins Based on the evidence that the C-terminal domain of acts directly with the photoreceptor molecules. the phytochromes may be directly involved in interacBecause of the evidence that point mutations clustertions with signaling partners (Quail et al., 1995) , we used ing in the "core" region of phyA and phyB disrupt signal this domain of phyB as bait in the yeast two-hybrid transfer to downstream components in vivo (Quail et al., system to screen an Arabidopsis cDNA library ( Figure  1995) , we tested whether a representative set of these 1A). From 6 ϫ 10 6 colonies screened, 14 were isolated mutations would interfere with the binding of PIF3 to that were both His-and ␤-galactosidase-positive after the photoreceptor molecules. Figure 2 shows that each rescue in E. coli and retransformation back into yeast.
of the selected mutations substantially reduced the inOne, PIF3, was selected here for further study.
teraction of the three phytochromes tested in the quantitative yeast two-hybrid assay. Western blot analysis shows that this reduction is not due to reduced expresMolecular Specificity of the sion levels of the mutant proteins (Figure 2 ). Phytochrome-PIF3 Interaction Plate-growth assays on minus-His medium indicate that PIF3 interacts with the Arabidopsis phyB C-terminal do-PIF3 Is a Novel bHLH Protein main in a selective manner, as no interaction was deThe coding sequence of the original PIF3 cDNA isolated tected with the control protein VA3 ( Figure 1B ). On the in the two-hybrid screen appeared to be incomplete other hand, PIF3 does cross-interact with the C-terminal domains of both rice phyB and Arabidopsis phyA (Figure at the 5Ј end. However, several clones subsequently isolated from a cDNA library appeared to contain a comOutside the bHLH domain, PIF3 has little sequence similarity to other known proteins, except for a region plete protein coding sequence and to be close to full length based on comparison to the single 1.6 kb tranof limited similarity to a single PAS domain in the N-terminal half of the molecule ( Figures 3A and 3D ). It script detected on Northern blots (data not shown). Southern blot analysis indicated that PIF3 is likely a is of interest that the strongest similarities are with the PAS domains of the phytochromes and the PYP photosingle-copy gene (data not shown). We sequenced the PIF3 gene, determined its structure by comparison to receptor (Lagarias et al., 1995). A prominent subclass of bHLH proteins, including the clock proteins ARNT, the cDNA ( Figure 3A) , and mapped it to chromosome 1 near PHYA using an arrayed YAC library (Creusot et al., SIM, and BMAL ( Figure 3D) Figure 3B) . PIF3 also contains a classical bipartite nuclear localization signal (NLS) motif (Figures 3A-3C) . basta resistance, were selected for further analysis and Figure 4C , right). These data indicate that the phenotypes observed are unlikely to be due to inadvertant disruption of an endogenous gene by the T-DNA insert and are most likely due to increases or decreases in PIF3 levels generated by expression of the sense and antisense PIF3 sequences, respectively. Similarly, the absence of differences in phyA and phyB levels between the wild-type and transgenic lines ( Figure  4D ) indicates that the phenotypes are not due to indirect effects of the PIF3-sense or -antisense constructs on photoreceptor levels.
In addition to the long hypocotyl phenotype induced by PIF3-antisense expression, we also observed dimin- 
Discussion
The data presented here provide evidence that PIF3 functions in both phyA and phyB signal transduction and that it performs this function as a consequence of its capacity to interact directly with both photoreceptor molecules. The conclusion that PIF3 can operate as a direct signaling partner with both phyA and phyB has important implications for potential mechanisms underlying the differential photosensory and physiological functions of the two photoreceptors. Moreover, the identification of PIF3 as a bHLH protein suggests a novel, direct signaling pathway from the phytochromes to the photoresponsive nuclear genes that they regulate. 
Potential PIF3 Target Genes
The identification of PIF3 as a bHLH protein not only implies an extremely short and direct pathway to transcriptional regulation by phyA and phyB, but also suggests classes of genes that are potential direct targets of such regulation. It is well established that the majority of bHLH proteins bind as dimers to DNA containing the E box motif with the core sequence CANNTG (Murre et The PIF3 genomic sequence was amplified by PCR with a 5Ј primer GUS:PIF3 plasmids using a helium biolistic gun transformation system (DuPont, Wilmington, DE) as described (Shieh et al., 1993 ) and complementary to a 21 bp sequence in the 5Ј untranslated region of the PIF3 cDNA, 84 bp upstream of the ATG codon, and with a 3Ј incubated in the light for 24 hr at 25ЊC. The location of ␤-glucuronidase activity was determined by using X-gluc, and nuclei were idenprimer complementary to a 21 bp sequence immediately upstream of the TGA codon. The amplified PCR products were sequenced tified using the DNA-specific stain DAPI (1 g/ml) (Shieh et al., 1993) . 
